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Abstract 
5HOLDEOHHVWLPDWLRQRIWXUEXOHQW HYDSRWUDQVSLUDWLRQDQGFDUERQG LR[LGHIOX[HVLVEDVHGRQD FRUUHFWLRQSURFHGXUHGXH
WRHGG\FRYDULDQFHPHWKRGRORJ\DQGLQVWUXPHQWDOFKDUDFWHULVWLFV/LWHUDWXUHVWDQGDUGL]HGPHWKRGVIRUGDWDSURFHVVLQJ
DUHGHILQHGIRUDQDO\]LQJWKHTXDOLW\RIKLJKIUHTXHQF\PHDVXUHPHQWV+RZHYHUIRURSHUDWLYHDSSOLFDWLRQVOLQNHGWR
UHDOWLPHLUULJDWLRQZDWHUPDQDJHPHQWKLJKIUHTXHQF\GDWDDUHGLIILFXOWWRPDQDJH6RWKHREMHFWLYHRIWKLVSDSHULVWR
YHULI\WKHSRVVLELOLW\RIXVLQJHGG\FRYDULDQFHGDWDLQDQRSHUDWLYHZD\LQRUGHUWRXQGHUVWDQGLIDYHUDJHGGDWDDW
PLQXWHVDUHVWLOORIJRRGTXDOLW\LQUH ODWLRQ WRWKRVHREWDLQ HGIURPKLJKIUHTXH QF\PHDVXUHPHQWV'DWDK DYHEHHQ
FROOHFWHGE\DQHGG\FRYDULDQFHVWDWLRQRYHUDPDL]HILHOGDW/LYUDJD/RGL,WDO\IRUWKH\HDU+LJKIUHTXHQF\
GDWD+]DQGDYHUDJHGGDWDPLQXWHVDUHFROOHFWHGVHSDUDWHO\LQD3&0,&$RI*EFDSDFLW\DQGGDWDORJJHU
PHPRU\UHVSHFWLYHO\+LJKIUHTXHQF\GDWDDUHDQDO\]HGZLWK(GG\3URRSHQVRXUFHVRIWZDUH(IIHFWVRIGLIIHUHQW
W\SHVRIFRUUHFWLRQVIURPD[LVURWDWLRQWRGHQV LW\IOXFWXDWLRQV DUHV KRZQ6 SHFWUDOFRU UHFWLRQIDFWRUV KDY HE HHQ
FDOFXODWHGDQG I OX[ORV VHV DUHH VWLPDWHG4XDO LW\ RI FRUUHFWHG IOX[HV DQGHQHUJ \EDO DQFHFORV XUHDUH  DOVR VKRZQ
$YHUDJHGGDWDKDYHEHHQDQ DO\]HGZLWK3ROLPL (GG\&RYDULDQFHVRIWZDUH 3(&ZKLFKDFFRXQWVRQO\ DSRUWLRQRI
WKHFRUUHFWLRQSURFHGXUHVZKLFK FDQEHDSSOLHGWRKLJKIU HTXHQF\GDWDZKHUHWKHPDMRUGLIIHUHQFHLVOLQNHGWRWKH
DEVHQFHR IWKH V SHFWUDFRUU HFWLRQ(YDSR WUDQVSLUDWLRQ DQGFDUERQGLR[LGHI OX[HVIURPKLJKIUHT XHQF\DQG DYHU DJH
GDWDDUHWKHQFRPSDUHGDQGFXPXODWHGWUHQGVRYHUWKHJURZLQJV HDVRQDUHDVVHVVHGDQGDVPDOOGLIIHUHQFHLVIRXQG
6RWKHVHFRPSDULVRQVKLJKOLJKWWKHSRVVLELOLW\  RIXVL QJDYHUDJ HGGDWDIRURSHUDWLY HZDWHUPDQDJHPHQWZLWKR XW
GUDVWLFDOO\GHFUHDVLQJWKHTXDOLW\RIIOX[HV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH6FLHQWLILF&RPPLWWHHRIWKHFRQIHUHQFH

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1. Introduction 
(QHUJ\IOX[HVGHYHORSHGLQD69$76RLO9HJHWDWLRQ$7PRVSKHUHV\VWHPDUHL PSRUWDQWIRUDZLGH
UDQJHRIDSSOLFDWLRQVDWGLIIHUHQWVSDWLDODQGWHPSRUDOVFDOHVIURPIORRGVLPXODWLRQDWEDVLQVFDOHWRZDWHU
PDQDJHPHQWLQDJULFXOWXUDODUHDV5HOLDELOLW\RIHGG\FRYDULDQFHPHDVXUHPHQWVKDVWR EHVWXGLHGEHIRUH
XVLQJWKHPLQK\GURORJLFDOVLPXODWLRQV>@
(GG\FRYDULDQFHVWDWLRQVPHDVXUHWXUEXOHQWIOX[HVRIVHQVLEOHDQGODWHQWKHDW QHW UDGLDWLRQDQGKHDW
IOX[LQWKHVRLODWDJ ULFXOWXUDOILHOGVFDOHKDYLQJWKH REMHFWLYHWRHV WLPDWHWKHFRUUHFWZDWHUUHTXLUHP HQW
IRUDFURS7KHPDLQLQVWUXPHQWVZKLFKJLYHWKHQDPHWRWKHHGG\FRYDULDQFHWHFKQLTXHDUHJDVDQDO\]HU
DQGWULGLPHQVLRQDOVRQLFDQHPRPHWHU7KH\SURYLGHIRUWXUEXOHQWIOX[HVWLPDWLRQLQWRVXUIDFHOD\HU>@
WKDQNV WR WKHFRYD ULDQFHEHWZHHQYHUWLFDOZLQGYH ORFLW\DQGFRQ FHQWUDWLRQ RIDVFDODUSDVVLY HIR U
H[DPSOHYDSRUDL UWHP SHUDWXUH RUFDUERQ GLR[LGH)OX[HVWLP DWLRQV DUHREWDLQHGSURFHHGL QJZLWK D
FRPSOH[VHULHVR IVWHSVVWDUWLQ JIURPKLJKIUHTXHQF\+]UDZGDWDPHDVXUHPHQWV7KHTXDOLW\RI
WKHVHPHDVXUHPHQWVLV PDLQO\LQIOXHQFHGE\SUREOHP VRIVHQV RUF RQILJXUDWLRQ SODFH RIW KHWRZHUD QG
VWDELOLW\R IWK HDWPRVSKHUH > @$V GHVFULEHGL Q0RQFULHIIDW DO >@HGG\FR YDULDQFHWHFKQ LTXH
VKRXOGEHYLHZHGDVD 
 V\VWHP
RIP HDVXUHPHQWL HZKLFKLQFOXGHVQRWRQO\WKHKDUGZDUHEXWDOVR WKH
PHWKRGRIDQDO\VLVZKHWKHULQUHDOWLPHRURIIOL QHDQGWKHDOJRULWKPVXVHGWR ILOWHURUGHWUHQGWKHUDZ
GDWDDQGWR DSSO\FDOLE UDWLRQVDQG FRUUHFWLRQV$Q H[DPSOHRIWK HGHWDLOVDQG FRQVLGHUDWLRQVZKLFKDUH
QHFHVVDU\LQD W\SLFDOHGG\FRYDULDQFHV\VWHPLVUHYHDOHGLQDVHULHVRISDSHUV>@ZKLFK
GHVFULEHQ RW RQO\W KH XVHGL QVWUXPHQWDWLRQL QFOXGLQJ VHQVRUVDQGP LFURFRPSXWHUFRQWURO EXWDO VRW KH
FRUUHFWLRQVUHTXLUHGIRUUHDOWLPHDQDO\VLV
7KHS UREOHPRI D FR UUHFWLPSOHPHQWDWLRQR IGDW DF RUUHFWLRQSUR FHGXUHVLVVWUR QJO\ FRQQHFWHG ZLWK
PLFURPHWHRURORJLFDOPHDVXUHPHQWVZKLFKDUHRIWHQQRWDEOHWRFORVHWKHVXUIDFHHQHUJ\EDODQFHHTXDWLRQ
>@3RVWILOHGGDWDSURFHVVLQJXQFHUWDLQWLHVDUHVXVSHFWH GWREHF UXFLDOIRUW KHXQEDODQFHSUREOHPV>@
/HHHWDO>@IRUP XODWHUH FRPPHQGDWLRQVUHODWHG WRW KHH GG\F RYDULDQFHWHFKQLTXHIRUHVWLP DWLQJ
WXUEXOHQWPDVVDQGHQHUJ\H[FKDQJHDQGJLYHDF RPSUHKHQVLYHRYHUYLHZRQWKHFXUUHQWVWDWHRIWKHDUW
UHJDUGLQJPLFURPHWHRURORJLFDOLVVXHVDQGPHWKRGV
(GG\3URLVDQRSHQVRXUFHVRIWZDUHXVHGWRFDOFXODWHWXUEXOHQWIOX[HVVWDUWLQJIURPKLJKIUHTXHQF\
PHDVXUHPHQWV RIZLQGYHO RFLW\ DQGJD V FRQFHQWUDWLRQV,WFD QEHIRXQGHGDW WKH :(%SDJH
KWWSZZZOLFRUFRPHQYSURGXFWVHGG\BFRYDULDQFHVRIWZDUHKWPODQ G LWK DVE HHQL PSOHPHQWHGE\ 
8QLYHUVLW\RI 7XVFLDDQG/L&RU LQGXVWU\ ,QUHFHQWGHFDGHVRWKHU VRIWZDUHV LPSOHPHQWHGE\GLIIHUHQW
XQLYHUVLWLHVLQWK H ZRUOGFDQ  EH IRXQGLQOLWHUDWX UH7. (GL5H(G G\6RIW$OWHGG \ZLWK  WKHPDLQ 
REMHFWLYHWRVWDQGDUGL]HWKHFRUUHFWLRQSURFHGXUHRIHGG\FRYDULDQFHPHDVXUHPHQWV7KHVHVRIWZDUHVKDYH
EHHQZLGHO\YDOLGDWHGDQGWKH\DUHDOOEDVHGRQILYHIXQGDPHQWDOSRLQWV
 0HDVXUHGGDWDDUHRSSRUWXQHO\VHOHFWHGLQIXQFWLRQRITXDOLW\WRROV
 'DWDDUHFDOLEUDWHGRUFRUUHFWHGLIQHFHVVDU\
 'DWDDUHDJJUHJDWHGLQVWDWLVWLFWRROVDVPHDQYDULDQFHRUFRYDULDQFH
 'DWDDUHFRQYHUWHGLQDYHUDJHGIOX[HV
 5HOLDELOLW\RIIOX[HVLVHYDOXDWHG
7RSURYLGHDFRPSOHWHGDWDFRUUHFWLRQSURFHGXUHKLJKIUHTXHQF\GDWDDUHQHHGHGEHFDXVHWKH\FDQEH
XVHGWRILQGWKHUHDVRQIRUSRVVLEOHHUURUVLQWRIOX[PHDVXUHPHQWV>@+RZHYHURQO\DYHUDJHGGDWDDUH
DYDLODEOHV RPHWLPHVIRUH[D PSOHLQ UHDO WLPHDSSOLFDWLRQ ,Q RUGHUWR RYHUFRPHWKHVHFRP SOLFDWLRQV
3(&VRIWZDUHZKLFKXVHVGLUHFWO\DYHUDJHGGDWDWRFDOFXODWHWXUEXOHQWIOX[HVKDVEHHQLPSOHPHQWHG>@
DQGLQWKLVZRUNFRPSDULVRQEHWZHHQ(GG\3URDQG3(&VRIWZDUHUHVXOWVDUHVKRZQ
,QWKHILUVWSDUWRIWKLVZRUNDQRYHUYLHZRIFRUUHFWLRQSURFHGXUHVZKLFKDUHQHFHVVDU\WRREWDLQUHOLDEOH
WXUEXOHQW IOX[HVL VEULHIO\GHVFULEHGLQUHIHUHQFHWR(GG\3UR ,QWKHVHFRQGSDUWWKHLPSDFWRIWKH
YDULRXVVWHS V RISR VWILHOGGDWDSUR FHVVLQJRQWX UEXOHQWIOX [DVVHVVHVLVLQY HVWLJDWHG ,QWK HWK LUGS DUW
IOX[HVSHUIRUPHGE\3(&DUHFRPSDUHGWRWKHIOX[HVFRPSXWHGE\(GG\3URLQRUGHUWRXQGHUVWDQGLI
UHOLDEOHODWHQWKHDWDQGFDUERQGLR[LGHIOX[HVFDQVWLOOEHREWDLQHGIRUDQRSHUDWLYHXVHRILUULJDWLRQZDWHU
PDQDJHPHQW
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2. Data collection 
(GG\FRYDULDQFHGDWDDUHPHDVXUHGE\DWU LGLPHQVLRQDOVRQLFDQHPRPHWHU<RXQJDQGRSHQ
SDWKJDVDQDO\]HU/,&25ORFDWHGDWWKH WRS RIDWRZHUPKLJK7KHWRZHULV SODFHGLQDP DL]H
ILHOGDWWKHFLW\RI/LYUDJDL QWKH3R9DOO H\+L JKIUHTXHQF\+]  PHDVXUHPHQWVDUHVWRUHGL QD
FRPSDFWIOHVKRI*EFRQQHFWHGZLWKWKHGDWDORJJHU&DPSEHOO&5DQGGRZQORDGHGLQVLWXZHHNO\
2QF RPSDFWIO DVKR QO\W KUHHZL QGYHO RFLW\FRPSRQHQWV VRQLFW HPSHUDWXUHYD SRUD QGFDUE RQ GLR[LGH
FRQFHQWUDWLRQVDUHVWRUHGUDZGDWD'DWDORJJHUSURJUDPLVGLUHFWO\VHWWRFDOFXODWHDYHUDJHGGDWDRYHUD
WLPHVWHSRIP LQXWHVDQGW KHVH GDWDDUH  FROOHFWHGLQ WR GDWDOR JJHULQWHUQ DOP HPRU\
&RQWHPSRUDQHRXVO\QHWUDGLDWLRQPHDVXUHGE\&15.LSS	=RQHQUDGLRPHWHUVRLOKHDWIOX[PHDVXUHG
E\+)3&DPSEHOO6FLHQWLILFIOX[SODWHDQGVRLOWHPSHUDWXUHPHDVXUHPHQWVDUHVWRUHGRQGDWDORJJHULQ
GLIIHUHQWP HPRU\W DEOHV :KLOHKL JK IUHTXHQF\ GDWDD UHGL UHFWO\XVH G E\(G G\3 UR V RIWZDUH 
PLQXWHVDYHUDJHGGDWDDUHWKHVWDUWLQJSRLQWIRUWKHIOX[HVFRPSXWDWLRQXVLQJ3(&VRIWZDUH
([SHULPHQWDOPHDVXUHPHQWVZHUHFDUULHGRXWIURP0D\WR6HSWHPEHUEXWWKHGDWDVHW
LVFRPSRVHGE\RQO\DYHUDJHGGDWDEHFDXVHVRPHJDSVGXHWRPDOIXQFWLRQLQJRILQVWUXPHQWDWLRQVRU
UDLQIDOO GD\VD UHV KRZQL QWR WKH GDWDVH TXHQFHV) URP W R - XOLDQ GD\VW KH ILHOGL VFR YHUHG E\
YHJHWDWLRQZKLOHWKHUHPDLQLQJGD\VRIWKH\HDUWKHILHOGLVFKDUDFWHUL]HGE\EDUHVRLO
(QHUJ\ IOX[ PHDVXUHPHQWVDUH SURSHUWR W KHFX OWLYDWLRQLIHG G\FR YDULDQFHVWDWLR QLVFRUUHFWO \
SRVLWLRQHGLQ VLGHWK HILHOG,WK DVWRE HRS SRUWXQHO\OR FDWHGIDU IURPWK HILHO GHG JHVVR WK DW IOX[
PHDVXUHPHQWVGRQRWEHORQJWRWKHQHLJKERULQJILHOGV0RUHRYHUWKHH[SHULPHQWDOFDPSDLJQFRYHUVWKH
HQWLUHJURZLQJVHDVRQZLWKDYHJHWDWLRQKHLJKWZKLFKYDULHVIURPWRDERXWPHWHUV$QHPRPHWHUDQG
JDVDQDO\]HUSRVLWLRQVKDYHWREHFRPSDWLEOHZL WKWKHFRQVWDQWIOX[OD\HU >@7KHFRQVWDQW IOX[OD\HU
UHSUHVHQWVDVSDFHDUHDZKHUHHGG\FRYDULDQFHVWDWLRQPHDVXUHPHQWVDUHFRQVWDQWDQGLWLVGHILQHGDV
RILQWHUQDOERXQGDU\OD\HU>@&RQVLGHULQJWKHZKROHZLQGGLUHFWLRQUDQJHVDQGDQDO\]LQJWKHEDUH
VRLOXQIDYRXUDEOHFRQGLWLRQVZKHUHDHURG\QDPLFURXJKQHVVIRUWKHI LHOG LVDERXW PWKHFRQVWDQW
IOX[OD\HU GHSWKDWWK HW RZHUFDOFX ODWHG WURXJK(OOLR W >@¶V IRUPXODLVDERX W PHQ VXULQJWKDW
DQHPRPHWHUDQGJDVDQDO\VHUDUHLQFOXGHGLQWRWKHFRQVWDQWIOX[OD\HU
3. Theoretical background over correction procedures  
(GG\FRYDULDQFHPHDVXUHPHQWVKDYHWREHFRUUHFWHGWRREWDLQ UHOLDEOHWXUEXOHQWIOX[HVRI ODWHQWDQG
VHQVLEOHKHDW%HIRUHFDOFXODWLQJIOX[HVWZRJURXSVRIFRUUHFWLRQVVKRXOGEHLPSOHPHQWHG³LQVWUXPHQWDO´
DQG³SK\VLFDO´FRUUHFWLRQV
,QVWUXPHQWDOFRUUHFWLRQVFDQEHFRQVLGHUHGDVSUHOLPLQDU\SURFHVVHVZKLFKKDYHWREHGLUHFWO\DSSOLHG
RQKLJKIUHTXHQF\PHDVXUHPHQWVWRSUHSDUHWKHGDWDVHWIRUIOX[HVFDOFXODWLRQ
Axis rotation for tilt correction. 7LOWFRUUHFWLRQDOJRULWKPVDUH QHFHVVDU\WRFRUUHFWZLQGVWDWLVWLFVIRU
DQ\PLVDOLJQPHQWRIWKHVRQLFDQHPRPHWHUZLWKUHVSHFWWRWKHORFDOZLQGVWUHDPOLQHV:LOF]DNHWDO>@
SURSRVHVWKUHHW\SRORJLHVRIFRUUHFWLRQDOJRULWKPVDQGIRU/LYUDJDGDWDVHWDGRXEOHURWDWLRQPHWKRG
KDVEHHQXVHG8VLQJWKLVPHWKRGWKHDQHPRPHWHUWLOWLVFRPSHQVDWHGE\URWDWLQJUDZZLQGFRPSRQHQWV
WRQXOOLI\WKHDYHUDJHFURVVVWUHDPDQGYHUWLFDOZLQGFRPSRQHQWV
Spike removal. 7KHVR FDOOHGG HVSLNLQJ SURFHGXUHFRQ VLVWV LQ GHWHFWLQJ DQGHOL PLQDWLQJVK RUWWHUP 
RXWUDQJHGYDO XHVLQW KHWLPHVHULHV)ROORZLQJ9L FNHUV DQG0D KUW >@IRUHDFK YDULDEOHDV SLNHLV
GHWHFWHGDVXSWRWKUHHFRQ VHFXWLYHRXWOLHUVZLWK UHVSHFWWRD SODXVLELOLW\UDQJHGHILQHGZLWKLQDFHUWDLQ 
WLPHZLQGRZZKLFKPRYHVWKURXJKRXWWKHWLPHVHULHV
Time lag compensation. ,QRSHQSDWKV\VWHPWKHWLPHODJEHWZHHQDQHPRPHWULFYDULDEOHVDQGYDULDEOHV
PHDVXUHGE\JDV DQDO\]HULVGXHWRWKHSK\VLFDOGLVWDQFHEHWZHHQWKHWZRLQVWUXPHQWVZKLFKDUHXVXDOO\
SODFHGVHYHUDOGHFLPHWHUVRUOHVVDSD UWWRDYRLGP XWXDOGLVWXUEDQFHV7KHZLQGILHOGWD NHVVRPHWLPHWR 
WUDYHOI URPRQHLQVWUXPHQWWRWKHRWKHU UHVXOWLQJ LQDFH UWDLQGHOD\EHW ZHHQWKHPRPHQWVWKHVDP HDLU 
SDUFHOLVVDPSOHGE\WKHWZRLQVWUXPHQWV>@
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Detrending. (GG\FRUUHODWLRQPHWKRGRIFDOFXODWLQJIOX[HVUHTXLUHVWKDWWKHIOXFWXDWLQJFRPSRQHQWVRI
WKHPHDVXUHGVLJQDOVDUHG HULYHGE\VXEWUDFWLQJWKHPIURPWK HPHDQVLJQDOV,Q VWHDG\VWDWHFR QGLWLRQV
VLPSOHOLQHDUPHDQVZRXOGEHDGHTXDWHEXWVWHDG\VWDWHFRQGLWLRQVUDUHO\H[LVWLQWKHDWPRVSKHUHDQGLWLV
QHFHVVDU\WRUHPRYHWKHORQJWHUPWUHQGVLQWKHGDWDZKLFKGRQRWFRQWULEXWHWRWKHIOX[>@
$IWHUF RPSOHWLQJW KHS UHOLPLQDU\ SURFHVVHV SK\VLFDOF RUUHFWLRQV KDYHW R EHL PSOHPHQWHG6 SHFWUDO
LQIRUPDWLRQO RVVHVDL UGH QVLW\IO XFWXDWLRQ DQG KXPLGLW\HIIHFWVRQVR QLFWHP SHUDWXUHDUH WDNHQLQW R
DFFRXQWLQDFFRUGDQFHZLWKWKHSURFHGXUHGHVFULEHGLQ8H\DPDHWDO>@
Spectral correction.6SHFWUDOFRUUHFWLRQVFRPSHQVDWHIOX[XQGHUHVWLPDWLRQVGXHWRWZRGLVWLQFWHIIHFWV
7KHILUVW LV UHIHUUHGWRWKHIOX[HVZKLFKDUHFDOFX ODWHGRQD ILQLWHDYHUDJLQJWLPHLPSO\LQJWKDWORQJHU
WHUP WXUEXOHQWFRQWULEXWLRQVDUHXQGHUVDPSOHGDWV RPHH[WHQWRUFRPSOHWHO\7KHFR UUHFWLRQ IRUWKHVH
IOX[ORVVHVLVUHIHUUHGWRDVKLJKSDVVILOWHULQJFRUUHFWLRQEHFDXVHWKHGHWUHQGLQJPHWKRGDFWVVLPLODUO\WR
D KLJKSDVVILOWHUE \ DWWHQXDWLQJIOX[  FRQWULEXWLRQVL QW KHIUHTX HQF\UDQJ HFO RVHW RW KHIOX[DY HUDJLQJ
LQWHUYDO7KHVHFRQGLVFRQQHFWHGZLWKLQVWUXPHQWDQGVHWXSOLPLWDWLRQVWKDWGRQRWDOORZVDPSOLQJWKHIXOO
VSDWLRWHPSRUDOWXUEXOH QFHIOXFWXDWLRQVD QG QHFHVVDULO\LPSO\VRP HVSDFHRUWLP HDYHUDJLQJRIVP DOOHU
HGGLHVDVZHOODVDFWXDOGDPSHQLQJRIWKHVPDOOVFDOHWXUEXOHQWIOXFWXDWLRQV>@
WPL correction7KHRSHQSDWKJDVD QDO\]HUGRHV QRWPHDVXUH QRQGLPHQVLRQDOFDUERQGLR[LGHDQG
ZDWHUYDSRUFRQFHQWUDWLRQVDVPL[LQJUDWLRVEXWLWPHDVXUHVFDUERQGLR[LGHDQGZDWHUYDSRUGHQVLWLHV)RU
WKLVUHDVRQWKHWUDFHJDVIO X[XVLQJWKLVDQDO\]HUQHHG VWRFRUUHFW IRUWKHP HDQYHUWLFDOIORZ GXHWRDLU
GHQVLW\IO XFWXDWLRQ:HEEHW DO  >@V XJJHVWHGW KDWWKH  IOX[ GXHWRWKHP HDQY HUWLFDOI ORZFDQQR WEH
QHJOHFWHGIRUW UDFHJD VHVV XFKDV ZDWHU YDSRUD QGFDU ERQGL R[LGH 7RHYDOXDWHW KH PDJQLWXGHRI WKH
LQIOXHQFHE\WKHPHDQYHUWLFDOIORZ:HEEHWDO>@DVVXPHGWKDWWKHYHUWLFDOIOX[RIGU\DLUVKRXOGEH
]HUR3UDFWLFDOO\VHQVLEOHDQGODWHQ WKHDWIOX[HVHYDO XDWHGE\ WKHHGG\FRYDULDQFHWHFKQLTXHDUHXVHGWR
FDOFXODWHZDWHUYDSRUDQGFDUERQGLR[LGHIOX[HVE\WKHPHDQYHUWLFDOIORZWPLFRUUHFWLRQ
VD correction. 6RQLFDQHPRPHWHUPHDVXUHVZLQGYHORFLW\FRPSRQHQWVDQGVRQLFWHPSHUDWXUH6RQLF
WHPSHUDWXUHZKLFKLVWKHEDVLVRIWKHVHQVLEOHKHDWFDOFXODWLRQLVDIIHFWHGE\ERWKKXPLGLW\DQGYHORFLW\
IOXFWXDWLRQV9DQ'LMNHWDO>@UHYLVLQJWKHH[SHULPHQWFDUULHGRXWE\6FKRWDQXVHWDO>@GHILQHVD
FRUUHFWLRQWHUPWRDSSO\RQVHQVLEOHKHDWIRUPXODWRREWDLQUHOLDEOHIOX[VDFRUUHFWLRQ
,QVWUXPHQWDODQG SK\VLFDOFRUUHFWLRQVKD YHWR EHLP SOHPHQWHGZLWKD VSHFLILFVH TXHQFHZKLFKLV
ZLGHO\GHVFULEHGLQ8H\DPDHWDO>@µVZRUN
4. PEC software features 
'DWDORJJ HUSURJ UDPK DVWRE HFR PSLOHGWR FR QYHUW HOHFWULFDOVLJ QDOVRULJ LQDWHGIURP VHQ VRUVL Q
SK\VLFDOPHDVXUHPHQWV0RUHRYHUFKRRVLQJDQDSSURSULDWHGDYHUDJHGLQWHUYDOLWFDQ EHVHWWRS HUIRUP
VRPHHO HPHQWDU\P DWKHPDWLFDORSH UDWLRQV DVP HDQYDUL DQFHR UF RYDULDQFHDPRQJ GLIIHUHQWP HDVXUHG
YDULDEOHV+LJKIUHTXHQF\GDWDZLOOEHORVWEXWRQWKHGDWDORJJHUPHPRU\DJJUHJDWHGGDWDZKLFKKDYHD
WLPHVWHSRIP LQXWHVZLOOEHVWRUHG7L PHVWHS DYHUDJHGWLPHKDV EHHQFKRVHQLQDFFRUGDQFH ZLWK
UHVXOWVVKRZQLQGLIIHUHQWOLWHUDWXUHZRUNVDV>@$FFRUGLQJWRWKHVHDXWKRUVDYHUDJHGWLPHFDQ
QRWEHOHVVWKDQPLQXWHVLIPHDQVYDULDQFHVDQGFRYDULDQFHKDYHWREHDVVHVVHGZLWKDQDFFXUDF\RI
DERXW7KHFRPSOHWHSURFHGXUHLPSOHPHQWHGLQ3(&IRUUHDOWLPHGDWDPDQDJHPHQWLVUHSRUWHGLQ
&RUEDULHWDO>@6WHSVZKLFKGHVFULEHWKHSURFHGXUHIRUWXUEXOHQWIOX[HVFDOFXODWLRQFDQEHVXPPDUL]HG
LQIRXUSRLQWV
 8QFRUUHFWHGIOX[HVDUHPHUHO\REWDLQHGDGMXVWLQJFRYDULDQFHXQLWVLQRUGHUWRPDWFKWKHGHVLUHG
RXWSXWXQLWV
 :3/DQG9'FRUUHFWLRQVDUHLPSOHPHQWHG
 5DLQIDOOGD\VDUHGLVFDUGHG
 (OLPLQDWLRQRIVSLNHVLVDSSOLHG
:KLOHSRLQWV DQG DUHLPSOHPHQWHGZL WKDS URJUDPPLQJODQJXDJHSRLQWVDQGDUHSHUIRUPHG
PDQXDOO\E\WKHRSHUDWRU'XULQJUDLQIDOOSHULRGVWKHGDWDDUHFR PSOHWHO\GLVFDUGHGDQGLIWKH UDLQIDOOV
GXULQJQ LJKWWLPHWK HG DWDXQ WLOWK HQ HWUDG LDWLRQLV JUHDWHUWK DQ :PDUHGLVFDUGHG'HV SLNLQJLV 
DSSOLHGRQWXUEXOHQWIOX[HVRIODWHQWVH QVLEOHKHDWDQGFDUERQGLR[LGHLQDFFRUGDQFHZLWKWKHH[SHULHQFH
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RIWKHRSHUDWRU'HHSNQRZOHGJHRIVLWHFXOWLYDWLRQW\SRORJ\DQGOLWHUDWXUHGDWDDUHWKHEDVLFLQIRUPDWLRQ
ZKLFKJ LYHW RWK H RSHUDWRUWK HSR VVLELOLW\WR H[ FOXGH IRUWK HDQ DO\VLV WXUEXOHQW IOX[HV ZKLFKDUH QRW
UHSUHVHQWDWLYHRIWKHSK\VLFDOSKHQRPHQDLQWKHILHOG,Q7DEOHWKHSODXVLELOLW\UDQJHVIRUODWHQWVHQVLEOH
KHDWDQGFDUERQGLR[LGHDUHVKRZQ,Q3(&VRIWZDUHLQVWUXPHQWDODQGVSHFWUDOFRUUHFWLRQVKDYHQRWEHHQ
DSSOLHG

Table 1. Plausibility range for turbulent fluxes of latent, sensible heat and carbon dioxide 

0LQ  0D[
/DWHQWKHDW:P  
6HQVLEOHKHDW:P  
&DUERQGLR[LGHPLOOLPROPV  
5. Effect of data corrections on turbulent fluxes  
,QWKLVVHFWLRQ WKHLPSDFWRIFRUUHFWLRQSURFHGXUHVLQKDOIKRXUO\PHDVXUHPHQWVLVVKRZQ,QJHQHUDO
WRTXDQWLI\WKHLPSDFWRIHDFKFRUUHFWLRQSURFHGXUHWKHVORSHYDOXHVEHWZHHQWKH SRVWSURFHVVHGIOX[HV
DQGSUHSURFHVVHGIOX[HVIURPDUHJUHVVLRQDQDO\VLVRQKDOIKRXUO\EDVLVKDYHEHHQFDOFXODWHG7KHVORSH
UHSUHVHQWVDGLIIHUHQFHLQSURSRUWLRQWRIOX[PDJQLWXGHZKLOHWKHFRUUHODWLRQFRHIILFLHQW5UHSUHVHQWV
WKHGRWVGLVSHUVLRQDURXQGWKHUHJUHVVLRQO LQHZKLFKGHVFULEHVWKHDPSOLILFDWLRQRIWK HUDQGRPHUURUDV
H[SODLQHGLQ8H\DPDHWDO>@
,QVWUXPHQWDOFRUUHFWLRQVVKRXOGEHDSSOLHGRQUDZGDWDPHDVXUHPHQWVWRSUHSDUHWKHGDWDVHWIRUIOX[LQJ
FDOFXODWLRQ7KHUHVXOWVKDYHVKRZQWKDWD[LVURWDWLRQFRXOGEHFRQVLGHUHGWKHSURFHGXUHZKLFKKDVWKH
PRVWL QIOXHQFHRQ W KH UDZ GDWDVHW ,Q IDFWGR XEOHU RWDWLRQP HWKRG SURGXFHVDP RGLILFDWLRQR IW KH
DQHPRPHWHUFRRUGLQDWHV\VW HPLQUHV SHFWWRW KH ORFDO ZLQGVWUHDP OLQHV7KHF RQVHTXHQFHRIW KHVH
URWDWLRQVLVWKDWvODWHUDOYHORFLW\FRPSRQHQWDQGwYHUWLFDOYHORFLW\FRPSRQHQWZLQGFRPSRQHQWVDUH
OHGWR]HURZKLOH uORQJLWXGLQDOZLQGFRP SRQHQWWXUQVRXWWR EHF KDUDFWHUL]HGRQO\E\SRVLWLYHWHUP V
CO2DQG H2OFRQFH QWUDWLRQVDUH QRW SDUWLFXODUO\DIIHFWH G E\LQVW UXPHQWDOFRUUHFWLRQVZKLFKEHF RPH
LPSRUWDQWRQO\LQFRUUHVSRQGHQFHZLWKWKHUDZGDWDSHDNVFRQWULEXWLQJWRWKHHOLPLQDWLRQRIWKHVSXULRXV
GDWD
,QVWUXPHQWDOFRU UHFWLRQL PSDFWVR QW XUEXOHQWIO X[HVD UH JOREDOO\VK RZQL Q)L J D, QVWUXPHQWDO
FRUUHFWLRQVSURGXFHD GHFUHDVHRIIOX[LQWHQVLWLHVZKLFKYDULHVIURPIRUODWHQWKHDWDQGH2OWR
IRUCO22QO\VHQVLEOHKHDWKDVDVOLJKWLQFUHDVHRIDERXW7KH5YDOXHVDUHDERXWOHVVWKDQRQH
IRUDOOIOX[HVH[FHSWIRUCO2ZKHUH5LV HTXDOWR LQGLFDWLQJWKDWIRUWKLVIOX[WKHDSSOLFDWLRQRI
LQVWUXPHQWDOFRUUHFWLRQVSURGXFHVDUDQGRPHUURUDPSOLILFDWLRQ
6SHFWUDOORVVHVGXHWRWK HORQJDQG VKRUWZDYHWXUEXOHQWWHUPVZKLFK DUHQRWPHDVXUHGE\WKH HGG\
FRYDULDQFHV\VWHPDUHFR PSHQVDWHGZLWKD PXOWLSOLHUFRHIILFLHQWZKLFKLQ  OLWHUDWXUH LVJHQHUDOO\FDOOHG
VSHFWUDOFRUUHFWLRQIDFWRU>@7KLVIDFWRULVDOZD\VJUDWHUWKHQRQHDQGDVVKRZQLQ)LJELWSURGXFHVD
V\VWHPDWLFJURZWKLQVORSHYDOXHVRIDERXW,I WKHFRUUHFWLRQIDFWRULVQRWDSSOLHGWXUEXOHQWIOX[HV
DUH XQGHUHVWLPDWHGDQGLQRUGH U WRFRP SOHWHWK HDQDO\VLVIOX[ LQIRUP DWLRQORVVHVK DYH EHHQDOVR
LQYHVWLJDWHGL Q IXQFWLRQR IV RPHDWP RVSKHULFW XUEXOHQW SDUDPHWHUV, QSD UWLFXODU IOX[O RVVHV DUH
LQIOXHQFHGE\VWDELOLW\FRQGLWLRQVRIWKHDWPRVSKHUHDQGWXUEXOHQWPL[LQJFRQGLWLRQVWURXJKWKH2EXNKRY
OHQJWK>@DQGWKHIULFWLRQYHORFLW\YDULDEOHVUHVSHFWLYHO\)OX[ORVVHVYDU\IUR PWR DQGWKH\
VWURQJO\GHSHQGE\WKHVHQVRUW\SRORJLHV)RUVHQVLEOHKHDWWKHPD[LPXPIOX[ORVVHVDUHXSWRZKLOH
IRUODWHQWKHDWCO2DQGH2OWKHPD[LPXPIOX[ORVVHVDUHXSWR7KLVLVSUREDEO\GXHWRWKHWUDQVIHU
IXQFWLRQSURSULHWLHV>@ZKLFKDUHGLIIHUHQWIURPDQHPRPHWHUWRJDVDQDO\]HU0RUHRYHUODWHQWKHDWCO2
DQGH2OIOX[HVFDQEHPHDVXUHGLIDQGRQO\LIDQHPRPHWHUDQGJDVDQDO\]HUDUHFRQWHPSRUDQHRXVO\XVHG
JLYHQWKDWWKHVHIOX[HVDUHREWDLQHGIURPFRYDULDQFHVEHWZHHQYHUWLFDOYHORFLW\DQGVFDODUFRQFHQWUDWLRQV
7KHUHIRUHWKHIOX[ORVVHVIRUODWHQWKHDWCO2DQGH2OIOX[HVDUHJUDWHUWKHQIOX[ORVVHVIRUVHQVLEOHKHDW
IOX[JLYHQWKDWDQHPRPHWHUDQGJDVDQDO\]HUIOX[ORVVHVDUHVXPPHG
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DE F


)LJ6ORSHDQG5FDOFXODWHGE\UHJUHVVLRQDQDO\VLVRIKDOIKRXUO\IOX[HVEHIRUHDQGDIWHUWKHDSSOLFDWLRQRILQVWUXPHQWDO
FRUUHFWLRQVDVSHFWUDOFRUUHFWLRQVE:3/DQG9'FRUUHFWLRQVF
$IWHUWKHDSSOLFDWLRQRIWKHLQVWUXPHQWDODQGVSHFWUDOFRUUHFWLRQVWXUEXOHQWIOX[HVQHHGWREHFRUUHFWHG
IRUGHQVLW\IOXFWXDWLRQDQGKXPLGLW\HIIHFWVWURXJK:3/DQG9'DOJR ULWKPV>@$VVKRZQLQ)LJF
ODWHQWKHDWCO2DQGH2OIOX[HVDUHFKDUDFWHUL]HGE\D V LJQLILFDQWLQFUHDVHLQIOX[PDJQLWXGHZKLFKL V
FDXVHGE\:3/ FRUUHFWLRQZKLOH IRU VHQVLEOHKHDW IOX[9'FRUUHFWLR QSURGXFH V DGHFUHDVH RI PHDQ
LQWHQVLW\/DWHQWKHDWCO2DQGH2OIOX[HVDUHF KDUDFWHUL]HGE\DIO X[LQFUHDVHRIDERXWZKLOHIRU
VHQVLEOHKHDWIOX[GHFUHDVHVLVDERXW
7RT XDQWLI\W KHLPSDFWRI:3/D QG9'FRU UHFWLRQV RYHUW KHZKROHH[SH ULPHQWDO GD\VFXPXODWHG
HYDSRWUDQVSLUDWLRQDQGFDUERQGLR[LGHIOX[HVDUHFDOFXODWHGDQGWKHUHVXOWVDUHVKRZQLQ)LJ$WWKH
HQG RIWKH JURZL QJVHDV RQXQF RUUHFWHGH YDSRWUDQVSLUDWLRQUHVX OWVDUHXQG HUHVWLPDWHG ZLWKUHVS HFWWR 
FRUUHFWHGIOX[HVZLWKDGLIIHUHQFHRIDERXWPP)LJD

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QRWHYLGHQFHGZLWKDGUDVWLFFRQVHTXHQFHRYHUWKHSK\VLFDOLQWHUSUHWDWLRQRIWKHIOX[PHDVXUHPHQWV
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6. Quality of fluxes 
7KHIDPLO\RIPLFURPHWHRURORJLFDOWHVWVLV FRQVWLWXWHGE\ WZRWHVWV ZKLFKDUHNQR ZQDVVWHDG \VWDWH
WHVWDQGGHYHORSHGWXUEXOHQWFRQGLWLRQVWHVW >@,Q0DXGHUDQG )RNHQ>@TXDOLW\RIIOX[ HVLV EDVHG
RQDIODJZKLFKFDQEHRUIURPEHVWTXDOLW\WRZRUVWTXDOLW\UHVSHFWLYHO\(GG\3URVKRZVWKHVH
IODJVLQDVVRFLDWLRQZL WKHDFKIOX[YDOXH ODWHQWVHQVLEOHKHDW PRPHQWXPDQGFDUE RQGLR[LGHIOX[LQ
RUGHUWKDWWKHXVHUFDQGHFLGHLIWKHIOX[VKRXOGEHGLVFDUGHGIURPUHVXOWVGDWDVHW
6WHDG\VWDWHWHVWLVEDVHG RQLGHDWRFRPSDUHFRYDULDQFHVGHWHUPLQHGIRUDQ DYHUDJLQJSHULRGZLWKWKH
VDPHSDUDPHWHUVHYDOXDWHGLQVK RUWLQWHUYDOVZLWKLQWKLVSHULRGXVLQJWKHPHWKRGH[SODLQHGLQ*XUMDQRY
HWDO>@7KHVRFDOOHGIOX[YDULDQFHVLPLODULW\ZKLFKLVH[SODLQHGLQPDQ\WH[WERRNVDV)RNHQ>@LVD
JRRGP HDVXUHWR WHVWWK HG HYHORSPHQWR IWX UEXOHQWFRQ GLWLRQV7K LVVLPLODULW \ PHDQVWK DWWK HUDWLRRI
VWDQGDUG GHYLDWLRQ RIDW XUEXOHQWSD UDPHWHUDQGL WVW XUEXOHQWIO X[L V QHDUO\FRQVWDQW RUI XQFWLRQ RIW KH
VWDELOLW\FRQGLWLRQVRIDWPRVSKHUHWKURXJK2EXNKRYOHQJWKSDUDPHWHUDQGPHDVXUHPHQWKHLJKW7KLVUDWLR
FDOOHGLQWHJUDOWXUEXOHQFHFKDUDFWHULVWLF,7&LVWKHEDVLFSDUDPHWHUWRGHVFULEHDWPRVSKHULFWXUEXOHQFH
)RNHQ >@FO DVVLI\, 7& IXQFWLRQL QW KUHHJ URXSVUHO DWHGW RZL QG YHORFLW\FRP SRQHQWVD QG VRQLF
WHPSHUDWXUHSDUDPHWHUVDQGDZHOOGHYHORSHGWXUEXOHQFHFDQEHDVVXPHGLIWKHPRGXOXVRIUHODWLYHHUURU
EHWZHHQP RGHOHG ,7&D QG PHDVXUHG ,7&L VO RZHUW KDQ  $VVXPLQJW KH0 DXGHUD QG )RNHQ> @
FODVVLILFDWLRQ RIG DWDTX DOLW\)L J DDERX W RIWXUE XOHQW IOX[HV RYHUW KHW RWDO GDWDVHW VKRX OG EH
QHJOHFWHGEHFDXVHWKH\DUHLQFOXGHGLQWKHFODVVRITXDOLW\VHFWRUV7KLVLVSUREDEO\GXHWRWKHIDFWWKDW
LQJHQHUDOQLJKWWLPHGDWDDUH IODJJHGEHFDXVHGHYHORSHGWXUEXOHQFHWHVW LVIDLOHGZKLOHGXULQJGDZQDQG
GXVNWKHVWHDG\WHVWIDLOV
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BJRRGTXDOLW\
BVXIILFLHQWTXDOLW\
BEDGTXDOLW\

)LJD3HUFHQWDJHRIGDWDIRUHDFKTXDOLW\FODVVXVLQJ0DXGHUDQG)RNHQTXDOLW\WHVWE/DWHQWKHDWIOX[UHSUHVHQWDWLRQ
LQIXQFWLRQRIWKHLUTXDOLW\FODVV
,Q)LJ EH[DPSOHRIODWHQWK HDW IOX[X VLQJGRWVZLWKGLIIHUHQWVK DSH LQ UHODWLRQZLWKWKHLUTXDOLW\
FODVVLVVKRZQ%DG TXDOLW\RIG DWDLVPDLQO\VKRZQGXULQJQLJKWWLPHZKLOHGXULQJGD\WLPHWKHIOX[HV
PHDVXUHG E\ HGG\FRY DULDQFHVWDWLR QFDQE HFR QVLGHUHGR IJ RRGTXDOLW\ 'DZQ DQGG XVN UHSUHVHQW
LQWHUPHGLDWHFRQGLWLRQVZKHUHLWLVQRWDOZD\VSRVVLEOHWRGHILQHWKHJRRGRUEDGTXDOLW\RIGDWD
7. Energy balance 
7XUEXOHQWIOX[HVRIVHQVLEOHDQGODWHQWKHDWQHWUDGLDWLRQJURXQGKHDWIOX[DQGHQHUJ\EDODQFHFORVXUH
DUHFDOFXODWHG EHIRUHD QGDIW HUWKHZKROHFRUUHFWLRQ SURFHGXUHV ,Q )LJDDQ G EHQ VHPEOHPHDQVRI 
GLXUQDOYD ULDWLRQV RIW XUEXOHQWIO X[HV RYHUW KHZ KROHH[SH ULPHQWDOSHUL RGD UHV KRZQ& RUUHFWLRQ
SURFHGXUHVSOD\DQLPSRUWDQWUROHRQDOOWXUEXOHQWIOX[HVRIODWHQWDQGVHQVLEOHKHDWDQGDOVRJURXQGKHDW
IOX[KDVW REH FRUUHFWHGIRUVWRUDJHWHUPWRREWDLQUHOLDEOHIOX[HVWLPDWLRQ>@$VVKRZQLQ)LJDLI
FRUUHFWLRQSURFHGXUHVDUHQRWDSSOLHGGXULQJGD\WLPHODWHQWVHQVLEOHDQGJURXQGKHDWIOX[HVFROODSVHGWR
]HUR ZKLOHLQQ LJKWWLPHR YHUHVWLPDWLRQV RIODWHQ W DQG VHQVLEOHK HDW OHDGVW RDQXQ VDWLVIDFWRU\ IOX[
LQWHUSUHWDWLRQV,Q)LJ EFRUUHFWHG IOX[HVKDYHDW\ SLFDO WUHQGGHVFULEHGLQOLWHUDWX UHZLWKODWHQ WKHDW
JUHDWHUW KHQV HQVLEOH KHDWEHFDXVHWKH ILHOGLV FRYHUHGE\WKH YHJHWDWLRQIRUDZLGHUD QJH RIWKH
H[SHULPHQWDOS HULRG, Q)L J FH QHUJ\ EDODQFHFO RVXUH XVLQJFRUUHFWHGIO X[HVL VV KRZQ7KHVO RSHR I
300   D. Masseroni et al. /  Procedia Environmental Sciences  19 ( 2013 )  293 – 302 
UHJUHVVLRQOLQHLVHTX DOWR ZKLOH5LVDE RXWKLJKOLJKWLQJD JRRGDJUHHPHQWRIWKHUHVXOWVZLWK
OLWHUDWXUHH[DPSOHV>@


DE F

)LJ(QVHPEOHPHDQVRIGLXUQDOYDULDWLRQRIXQFRUUHFWHGDDQGFRUUHFWHGEWXUEXOHQWIOX[HVFHQHUJ\EDODQFHFORVXUHXVLQJ
FRUUHFWHGIOX[HV
8. Comparison between PEC and Eddy Pro 4.0 fluxes  
$VH[SODLQHGLQ>@LQOLWHUDWXUHLWLVXQ VWLOOFOHDU ZKLFKGDWDSURFHVVLQJVWHSVDUHLQIOX HQWLDOLQWKH
FDOFXODWLRQRIKDOIKRXUO\DQGDQQXDOIOX[HV$FFRUGLQJWRUHVXOWVVKRZQLQSUHYLRXVVHFWLRQV:3/DQG
9'FRUUHFWLRQ V SURYLGH IRUDVX EVWDQWLDOIOX [HV PRGLILFDWLRQLQIOX HQFLQJ GUDVWLFDOO\FX PXODWHG
HYDSRWUDQVSLUDWLRQDQGFDUER Q GLR[LGHI OX[DQQ XDO EXGJHWV7K HVHFRUU HFWLRQVDU HW KHK HDUW RI 3(&
VRIWZDUH>@ZKLFKLVGHVLJQHGWRDQVZHUTXHVWLRQRIUHDOWLPHGDWDPDQDJHPHQW:LWKWKHREMHFWLYHWR
YHULI\WK H SRVVLELOLW\R I XVLQJHG G\FRYDULDQ FH VWDWLRQL QDQ RSHUDWLYH ZD\ IRUZDWHUL UULJDWLRQ
PDQDJHPHQWVRWRXQGHUVWDQGLIDYHUDJ HGGDWDDW PLQXWHVDUHVWLOOR IJRRGTXDOLW\LQUHVSHFWWRKLJK
IUHTXHQF\GDWDWKHUHVXOWVREWDLQHGE\3(&VRIWZDUHDUHFRPSDUHGZLWKWKRVHREWDLQHGE\(GG\3UR
,Q)LJWZR VLPSOHVFKHPHVZKLFKGHVFULEHWKHOHYHOVRIIOX[LQWHQVLWLHVDSSO\LQJWKHVHTXHQFHVRI
FRUUHFWLRQSURFHGXUHVIRU(GG\3URDQG3(&VRIWZDUHDUHVKRZQ

6WDUWLQJIURPODWHQWKHDWXQFRUUHFWHGIOX[VSHFWUDOFRUUHFWLRQIDFWRULVDSSOLHGDQGVXFFHVVLYHO\:3/
FRUUHFWLRQLVDGGHGIRUWKHFDOFXODWLRQRIWKHGHILQLWLYHFRUUHFWHGIOX[8VLQJ3(&VRIWZDUHFRUUHFWHGIOX[
LVGL UHFWO\FDOFXODWHGDSSO\LQJRQO\ WKH:3/FRUUHFWLRQD QGD IOX[ORVV LVVKRZQD VD FRQVHTXHQFHRI
VSHFWUDOLQIRUPDWLRQORVVHV9'FRUUHFWLRQDOJRULWKPSURGXFHVDGHFUHDVHRIWKHVHQVLEOHKHDWXQFRUUHFWHG
IOX[6XFFHVVLYHO\LWLV PXOWLSOLHGIRUWKHVSHFWUDOFRUUHFWLRQIDFWRUIRUV RQLFWHPSHUDWXUHWR REWDLQWKH
FRUUHFWHG IOX[$OVRLQW KLVFDVHXVL QJ3(&VRIWZDUHW KHGDWD KDVQRWEHHQ RSSRUWXQHO\FRUUHFWHGIRU 
VSHFWUDOORVVHV,Q)LJFXPXODWHGHYDSRWUDQVSLUDWLRQIOX[DQGFDUERQGLR[LGHWUHQGRYHUPDL]HJURZLQJ
VHDVRQDUHVKRZQ,QEODFNWKHIOX[HVFDOFXODWHGXVLQJ(GG\3URDQGLQJUH\WKHIOX[HVREWDLQHGE\
3(&VRIWZDUHDUHVKRZQ$VVKRZQLQ)LJDWKHGLYHUJHQFHDPRQJWZRIOX[HVVWDUWVDWWKHEHJLQQLQJRI
WKHJURZLQJVHDVRQDQGLWUHPDLQVFRQVWDQWRYHUWKHZKROHH[SHULPHQWDOSHULRG$VVKRZQLQ)LJEWKH
GLYHUJHQFHEHJLQVPRUHRUOHVVDW-XOLDQGD\DQGLWLQFUHDVHVXQWLOWKHHQGRIWKHFXOWLYDWHGVHDVRQ$W
WKHHQGRIJURZLQJVHDVRQWKHGLIIHUHQFHDPRQJWKHIOX[HVLVDERXWPPDQGJPIRUWKHFXPXODWHG
HYDSRWUDQVSLUDWLRQDQGFDUERQGLR[LGHUHVSHFWLYHO\
,Q RUGHUW RFRPSOHWHW KHDQDO \VLVRYHU IOX[HVREW DLQHG E\3(& VR IWZDUHHQHU J\EDO DQFHFO RVXUHL V
VKRZQLQ)LJF7KHVORSHRIWKHOLQHDUUHJUHVVLRQLVTXLWHGLIIHUHQFHGE\WKDWVKRZQLQ)LJFREWDLQHG
E\(GG\3UR,QWKLVFDVHWKHVORSHLVHTXDOWRZKLOHWKHGLVSHUVLRQRIWKHGRWVLVUHGXFHGDQGR2
YDOXHLVDERXW7KLVUHVXOWLVSUREDEO\GXHWRWKHPRGHUDWHGLQIOXHQFHRI SUHOLPLQDU\SURFHVVHVDQG
VSHFWUDOORVVHVZKLFKKDYHQRWEHHQFRQVLGHUHGLQWRWKH3(&VRIWZDUHFRUUHFWLRQV
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
DE F


)LJ&RPSDULVRQEHWZHHQFXPXODWHGHYDSRWUDQVSLUDWLRQDDQGFDUERQGLR[LGHEIOX[HVREWDLQHGE\3(&DQG(GG\3UR
VRIWZDUHF(QHUJ\EDODQFHFORVXUHXVLQJODWHQWDQGVHQVLEOHKHDWIOX[HVFDOFXODWHGE\3(&VRIWZDUH
Conclusion 
,QWKLVZRUNWKHLPSDFWRIGLIIHUHQWFRUUHFWLRQSURFHGXUHVRQWXUEXOHQWIOX[PHDVXUHPHQWVFROOHFWHGE\
DQH GG\F RYDULDQFHVW DWLRQDUH GHVFULEHG6W DUWLQJ IURPKL JKI UHTXHQF\GDW DD F RPSOH[VHUL HVRI
SURFHVVHV KDYHWR E HLP SOHPHQWHGWR H[ WUDFWUHOLDE OHWX UEXOHQWIOX[ HVR IODWHQ WVHQ VLEOHK HDWFDUERQ 
GLR[LGHDQGZDWHUYDSRU
,QWK H SUHOLPLQDU\SUR FHVVHVW KH GRXEOHFR UUHFWLRQ SURFHGXUHSOD\ D IXQGDPHQWDOUROHWRDGMX VWW KH
RULHQWDWLRQRI WKH&DUWHVLDQV\VWHPRID[L V UHVSHFW WRVWUHDPOLQHV6SHFW UDOFRUUHFWLRQV DUHQHFH VVDU\WR
GHILQHIO X[O RVVHVGXHWRWKHVSHFLILFWUD QVIHU IXQFWLRQV ZKLFKF KDUDFWHUL]HWKHP HDVXUHPHQWV\VWH P
7XUEXOHQWIOX[HVQHHGWREHFRUUHFWHG IRUGHQVLW\IOXFWXDWLRQDQGKXPLGLW\HIIHFW RQVRQLFW HPSHUDWXUH
XVLQJ:3/DQG9'FRUUHFWLRQV7KHVHFRUUHFWLRQVVKRXOGQRWEHFRQVLGHUHGDVFRUUHFWLRQVEXWDQRUPDO
VWHSWRFDOFXODWHWXUEXOHQWIOX[HV,QIDFWLIWKH:3/DQG9'FRUUHFWLRQVDUHQRWDSSOLHGWXUEXOHQWIOX[HV
GR QRWUH SURGXFH FRUUHFWO\ WKH SK\VLFDOD VSHFWV RIW KH H[SHULPHQWDOVL WH$ IL QDOF RQWUROED VHG RQ
PLFURPHWHRURORJLFDOWHVWV RIVWHDG \VWDWHDQ GG HYHORSHG WXUEXOHQFH SHUPLWVWR K LJKOLJKWWK H TXDOLW\R I
FDOFXODWHGIOX[HVDGYLVLQJWKHRSHUDWRULIIOX[GDWDVKRXOGEHQHJOHFWHG
+LJK IUHTXHQF\  +]P HDVXUHPHQWVR IW KHW KUHHFRP SRQHQWVR I ZLQG YHORFLW\DQG J DV
FRQFHQWUDWLRQVKDYHWREHVWRUHGWRREWDLQUHOLDEOHWXUEXOHQWIOX[HVDWGLIIHUHQWVFDOH,WLVZLGHO\NQRZQLQ
OLWHUDWXUHEXWLQVRPHFDVHV LPSRVVLELOLW\WRKDYHKLJKIUHTXHQF\GDWDGRQRWSHUPLWWRDSSO\WKHZKROH
FDWHJRULHVRIFRUUHFWLRQSU RFHGXUHV0 RUHRYHUV RPHHQJL QHHULQJD SSOLFDWLRQVZ KLFK UHIHUW RW KH
SRVVLELOLW\WRHVWLPDWHHYDSRWUDQVSLUDWLRQIOX[HVRYHUDJURZLQJVHDVRQFRXOGQRWUHTXLUHIRUWKHDFFXUDF\
GHYHORSHGLQWKHSUHYLRXVDQDO\VLV)RUWKHVHSUREOHPVDVLP SOHPHWKRGZKLFKSHUPLWVWRWKHRSHUDWRU
WKH SRVVLELOLW\WR FDOFX ODWHWX UEXOHQW IOX[HVIURPDQ  DYHUDJHGG DWDVHWK DVE HHQ VKRZQ,Q IDFW LQ3(&
VRIWZDUH RQO\ :3/D QG 9'FR UUHFWLRQV DUHLP SOHPHQWHGDQ GW KHVH FRUUHFWLRQVFR XOG EHGH ILQHGDV
HVVHQWLDOLQJUHGLHQWVWRFRY HUWPHDVXUHPHQWVLQUHOLD EOHIOX[HV5HGXFLQJWKHQXPEHURIFRUUHFWLRQVWKH
DOJRULWKPLPSOHPHQWDWLRQVLQDSURJUDPPLQJODQJXDJHDSSHDUWREHRIHDV\DSSOLFDWLRQDOVRIRURSHUDWRUV
ZKLFKDUH QRWH[SHUWLQVRIWZDUHHQJLQHHULQJ,QJHQHUDOL WL VSRVVLEOHWRFRQFOXGHWKDWWXUEXOHQWIOX[HV
FRXOG EHD SSUR[LPDWHO\DVVHVVHG VWDUWLQJI URPDYHUDJHG GDWD EXWL IW KHIO X[DF FXUDFLHVDUH ULJRURXVO\
UHTXLUHGWKHZKROHUDQJHRIFRUUHFWLRQVVKRXOGEHWDNHQLQWRDFFRXQW
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